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(57) ABSTRACT

The mvention relates to devices for detecting media.
These are distinguished, 1n particular, by the fact that simply
the medium can be detected and/or properties of the or a
medium can be determined or monitored.

For this purpose, a heating sensor comprising a heating
device and at least one p-n junction operated in the forward
direction and a reference sensor comprising at least one p-n
junction operated 1n the forward direction are spaced apart
from one another. The heating device and the p-n junctions
are connected to a control device, which 1s a control device
ascertaining the presence and/or at least one property of the
medium from the thermal properties of the medium.
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1
DEVICE FOR DETECTING MEDIA

FIELD

The present disclosure relates to devices for detecting
media.

BACKGROUND

A device for detecting a medium 1s known, 1nter alia, from
publication DE 10 2007 003 860 Al, as a sensor for
detecting a liquid state. The sensor comprises a sensor
clement as an electric resistor between ceramic layers, which
1s a heating element and also changes its resistance accord-
ing to the temperature of the sensor element and, therefore,
of the medium on the sensor element.

Publication DE 197 41 892 A1l describes a method and a
device for determining the quantity and quality of a liquid.
A temperature-dependent resistor element 1s utilized for
ascertaining a {ill level. The resistor element 1s heated via the
supply of current and, at the same time, the voltage across
the resistor element i1s measured, wherein at least two
voltage values are utilized 1n order to ascertain the fill level.

Publication DE 44 36 395 C1 describes a fill level sensor
comprising multiple voltage dividers, which are distributed
over the area of the fill levels to be measured. If the fill level
exceeds or falls below a voltage divider, each of which
comprises a negative temperature coethicient thermistor and
a positive temperature coeflicient thermistor, an unambigu-
ous jump of the output signal takes place. The thermistors
are coupled to the particular medium, 1.¢., fuel and air 1n this
case.

The sensitivity of these approaches 1s limited, for
instance, by the particular material of the resistor.

Publication DE 10 2008 012 503 Al discloses a water
sensor comprising a solenoid valve. This relates to a com-
ponent for monitoring the water level in a fuel filter, in
particular a diesel fuel filter. The basis thereof 1s a fill level
tube 1n connection with a water collection container of the
diesel fuel filter. Measuring poles, which deliver a signal 1f
the water level reaches the measuring poles, are provided at
least one given height. Therefore, only electrically conduc-
tive substances can be detected.

Publication GB 2 222 705 A describes a reduced pressure
enclosure for determining the air flow from devices having
a reduced pressure, which comprises a sensor for detecting
the tlow speed of air, which 1s connected to a control device.
An anemometer arrangement comprising two adjacently
arranged electronic components can be utilized for this
purpose, wherein one of these components 1s mounted on a
heating means. The two components are connected to a
circuit for detecting the temperature diflerence of the com-
ponents and, therefore, the speed of the air. A determination
of a medium 1s not provided.

Publication DE 29 50 762 Al discloses a device for
detecting the presence of a free-flowing medium with the aid
of a first temperature-dependent semiconductor device,
which ellectuates a heating of the device above the ambient
temperature and which 1s 1mmersed 1nto the free-flowing
medium, wherein 1ts temperature drops. Moreover, a second
temperature-dependent semiconductor device 1s provided,
the temperature of which 1s lower than that of the first
device. By detecting a change 1n the difference, the presence
of the free-flowing substance can be inferred. Zener diodes
operated 1n the reverse direction are utilized for this purpose.

Publication U.S. Pat. No. 4,677,850 A describes a semi-

conductor component for detecting a flow of a medium. In
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2

this case, a first semiconductor chip comprises a first tem-
perature detector and a second semiconductor chip com-
prises a heating element and a second temperature detector,
wherein the second semiconductor chip 1s arranged in the
proximity of the first semiconductor chip. The semiconduc-
tor chips are arranged one aiter the other 1n the direction of
flow of the medium. The semiconductor element 1s provided
for detecting the air flow, 1n particular, of the intake air of an

internal combustion engine.
Publication CN 1986 107 738 A discloses an element for

performing detection, as a sensor comprising at least one p-n
junction, wherein a large current 1s utilized for self-heating
and a small current 1s utilized for detection. The p-n junction
1s utilized for heating as well as for detecting the tempera-
ture, so that a thermal coupling 1s present in the element
itself. This affects the detection, and so the sensitivity and,
thereby, the measuring accuracy of the element 1s limited.

Publication EP 2 037 233 Al describes a detector for
determining the presence of a fluid. The detector comprises
a probe including a thermistor and a temperature sensor for
measuring the temperature of the thermistor. The presence or
the 1dentity of a fluid surrounding the probe 1s determined on
the basis of the time component at which current 1s supplied
to the thermistor 1n order to hold the thermistor essentially
at a predetermined temperature. The sensitivity and the
measuring accuracy are limited by the use of the thermistor
and its temperature measurement.

SUMMARY

Aspects and advantages of embodiments of the present
disclosure will be set forth in part in the following descrip-
tion, or may be learned from the description, or may be
learned through practice of the embodiments.

One example aspect of the present disclosure 1s directed
to a device for detecting media. The device includes a
heating sensor. The heating sensor includes a heating device
and at least one first p-n junction operated in a forward
direction. The device includes a reference sensor. The ret-
erence sensor includes at least one second p-n junction
operated 1n a forward direction. The heating sensor and the
reference sensor are spaced apart from one another. The
heating device and the first and second p-n junctions are
connected to a control device. The control device 1s operable
to ascertain a presence or at least one property of a medium
based at least 1n part on one or more thermal properties of
the medium.

These and other features, aspects and advantages of
various embodiments will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated 1n and
constitute a part of this specification, i1llustrate embodiments
of the present disclosure and, together with the description,
serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram of a device for detecting
media,

FIG. 2 shows a component carrier as a circuit board for a
device for detecting media, and

FIG. 3 shows a device for detecting media, 1n connection
with a connector housing.

DETAILED DESCRIPTION

Reference now will be made in detail to embodiments,
one or more examples of which are illustrated 1n the draw-
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ings. Each example 1s provided by way of explanation of the
embodiments, not limitation of the present disclosure. In
tact, 1t will be apparent to those skilled 1n the art that various
modifications and variations can be made to the embodi-
ments without departing from the scope or spirit of the
present disclosure. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, 1t 1s intended that aspects of the present disclosure
cover such modifications and variations.

A problem addressed by example aspects of the present
disclosure 1s that of easily detecting a medium.

The devices for detecting a medium are distinguished, in
particular, by the fact that simply the medium can be
detected and/or properties of the or a medium can be
determined or monitored.

For this purpose, a heating sensor comprising a heating
device and at least one p-n junction operated in the forward
direction and a reference sensor comprising at least one p-n
junction operated in the forward direction are spaced apart
from one another. The heating device and the p-n junctions
are connected to a control device, which 1s a control device
ascertaining the presence and/or at least one property of the
medium from the thermal properties of the medium.

The device for detecting a medium 1s based on a thermal
measuring principle, wherein the thermal properties of the
medium are utilized. This takes place statically or via a
chronological sequence with the aid of the ascertainment of
the temperature difference between the heated heating sen-
sor and the unheated reference sensor.

The p-n junctions are operated 1n the forward direction,
and the forward voltage and, therefore, the conducting-state
voltage, 1s measured. This can take place via the supply of
a constant current with the aid of constant current sources.
The forward voltage 1s temperature-dependent, so that dii-
terent voltage values set 1n when temperature changes occur
and depending on the corresponding medium. The voltage
values can be assigned to the particular medium or to the
property of the medium with the aid of the control device.
The measurement advantageously takes place, 1n this case,
with the aid of the heating sensor and the reference sensor
in relation to one another, so that ambient temperatures and,
in particular, the resultant temperatures of the medium
surrounding the device are not incorporated into the mea-
surement result.

In an embodiment of the present disclosure, the control
device 1s a control device ascertaining the difference of the
torward voltages of the p-n junctions between the medium
heated by the heating sensor and the unheated medium at the
reference sensor.

In an embodiment of the present disclosure, heating
device 1s at least one resistor and/or a p-n junction in each
case. In the case of both, the electrical energy from the
applied voltage and from the flowing electric current is
converted into thermal energy. Advantageously, a so-called
and known surface mount device component can be utilized
for this purpose.

In an embodiment of the present disclosure, the p-n
junction 1s advantageously a diode or the base-emitter path
ol a transistor.

In an embodiment of the present disclosure, the p-n
junctions are each connected to an mput of a differential
amplifier and the output of the differential amplifier is
connected to the control device. For this purpose, the control
device can advantageously be a data processing system, 1n
particular a microcontroller.
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4

In an embodiment of the present disclosure, the heating
sensor and the reference sensor comprise multiple p-n
junctions connected in series and spaced apart from one
another. The voltage drops at the series-connected p-n
junctions are cumulative, so that different fill levels can be
assigned via the positions of the p-n junctions.

In an embodiment of the present disclosure, the p-n
junctions are connected to an electrical network via a
DC-DC converter, wherein the DC-DC converter 1s or

comprises at least one constant current source.

In an embodiment of the present disclosure, the heating
sensor and the reference sensor are advantageously designed
to be finger-like.

In an embodiment of the present disclosure, the compo-
nent comprising the p-n junction, and the heating device, as
the heating sensor, are located on a first leg and the com-
ponent comprising the p-n junction, as the reference sensor,
1s located on the second leg of a component carrier designed
in a U-shape, at least 1n some areas. The legs are spaced
apart 1n a finger-like manner and are arranged 1n parallel to
one another and, during use of the device, simply extend into
the medium. For this purpose, the fingers can advanta-
geously be the components of a circuit board, on which the
components of the device are arranged and are connected to
one another via strip conductors.

In an embodiment of the present disclosure, at least the
legs of the component carrier designed 1n a U-shape, includ-
ing the particular components, are embedded 1n a plastic or
are located 1n a housing.

In an embodiment of the present disclosure, the device for
detecting media comprises, as a sensor for detecting the
medium, a DC-DC converter 1n connection with a data
processing system, in particular a microcontroller as the
control device, a diflerential amplifier, the heating device,
and the p-n junctions.

In an embodiment of the present disclosure, the device for
detecting a medium 1s a device for detecting the fill level of
the medium 1n a container.

In an embodiment of the present disclosure, the device for
detecting a medium 1s a device for detecting the tlow of the
medium.

In an embodiment of the present disclosure, the device for
detecting a medium 1s a device for detecting the state of
aggregation of the medium.

In an embodiment of the present disclosure, the device for
detecting a medium 1s a device for detecting the concentra-
tion of a substance as the medium 1n a binary system.

In an embodiment of the present disclosure, the device for
detecting a medium 1s a device for detecting the o1l level 1n
a transmission.

The subject matter of the present disclosure 1s also the use
of a device according to the invention for detecting a
medium.

In order to implement the present disclosure, 1t can be
advantageous to combine the above-described designs
according to the invention, embodiments, and features of the
claims with one another 1n any arrangement.

An exemplary embodiment of the present disclosure is
basically represented in each of the drawings, and 1s
described in greater detail below.

A device for detecting media 1s essentially composed of a
heating sensor 1, a reference sensor 2, and a control device.

FIG. 1 shows a basic block diagram of a device for
detecting media.

The heating sensor 1 comprises at least a first resistor R1,
as a heating device, and p-n junctions operated in the
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torward direction. The p-n junctions are diodes D1 through
D4 spaced apart from one another 1n a series circuit.

The reference sensor 2 comprises p-n junctions operated
in the forward direction, wherein the p-n junctions are
designed as diodes D3 through D8 spaced apart from one
another and connected 1n series.

The anodes of the diodes D1 through D4 and the anodes
of the diodes D5 through D8 are connected, via a resistor as
the second resistor R2 and the third resistor R3, respectively,
to a DC-DC converter 4, which 1s simultaneously a constant
current source for the diodes D1 through D8 operated 1n the
forward direction.

The connection of the second resistor R2 to the anode of
the first diode D1 of the heating sensor 1 1s connected to the
inverting input of a differential amplifier 5. The connection
of the third resistor R3 to the first diode D3 of the reference
sensor 2 1s connected to the non-inverting input of the
differential amplifier 5. The values of the second resistor R2
and of the third resistor R3 are dimensioned 1n such a way
that the voltage value at the non-inverting mmput of the
differential amplifier 5 1s greater than the voltage value at the
inverting mput of the differential amplifier 5.

The output of the differential amplifier 5 1s connected to
a data processing system, as a control device, wherein this
1s, 1n particular, a microcontroller 3. This, in turn, 15 con-
nected to the resistor R1, as a heating resistor.

With the aid of the microcontroller 3, the medium and/or
at least a property of the medium are/is ascertained from the
temperature-dependent forward voltages resulting from the
thermal properties of the medium.

The voltage supply of the device can take place via the
DC-DC converter 4, which can convert the voltage of a
power supply network.

FIG. 2 shows a basic representation of a component
carrier 6 as a circuit board for a device for detecting a
medium.

At least one area of a component carrier 6, as the circuit
board, 1s designed 1n a U-shape, wherein the legs for the
heating sensor 1 and the reference sensor 2 are finger-like.
The diodes D1 through D4 and first series-connected first
resistors R1, as heating resistors for the heating sensor 1, are
spaced apart on one leg of the U-shape and the diodes D5
through D8 for the reference sensor 2 are arranged on the
other leg. The microcontroller 3, the diflerential amplifier 5,
and the DC-DC converter 4, each as components, are
arranged on an area of the center part. In addition, a
protective circuit can be provided and can be arranged
upstream from the device for detecting a medium.

FIG. 3 shows a basic representation of a device for
detecting a medium in connection with a connector housing.

The legs of the component carrier 6 designed in a
U-shape, including the particular components, 1s located in
a housing 7, which can be, for example, a connector housing.
The plugs 8 are located on the component carrier 6. More-
over, a cap 9 including an opening can be slid onto the
housing 7.

Therefore, a compact device for detecting a medium 1s
implemented.

In embodiments, the device for detecting a medium can be

a device for detecting the fill level of the medium 1n a

containetr,

a device for detecting the tlow of the medium,

a device for detecting the state ol aggregation of the

medium,

a device for detecting the concentration of a substance, as

the medium, in a binary system, or

a device for detecting the o1l level in a transmission.

10

15

20

25

30

35

40

45

50

55

60

65

6

The fill level of a medium can be detected with respect to
a further medium. This 1s, for example, the fill level of a
liqguid medium 1n a container, which otherwise contains a
gaseous medium.

Thermal properties of flowing media change according to
the tlow speed, and so the flow of flowing media 1s easy to
monitor.

The device for detecting the state of aggregation can
therefore be, for example, a device for detecting ice 1n water
or as the water. As 1s known, water and i1ce have diflerent
thermal properties, which can be utilized for performing
detection with the aid of the device.

The thermal properties of a binary system can change
when the concentration changes, according to the thermal
properties of the substances, which can be ascertained with
the aid of the device for detecting a medium. Therefore, the
concentration of the substances of the binary system can be
monitored.

The mvention claimed 1s:

1. A device for detecting media, comprising;:

a heating sensor, the heating sensor comprising a heating,
device and at least one first p-n junction operated 1n a
forward direction; and

a reference sensor, the reference sensor comprising at
least one second p-n junction operated in a forward
direction,

wherein the heating sensor and the reference sensor are
spaced apart from one another,

wherein the heating device, the at least one first p-n
junction, and the at least one second p-n junction are
connected to a control device, wherein the control
device 1s operable to ascertain a presence or at least one
property of a medium based at least 1n part on one or
more thermal properties of the medium,

wherein the one or more thermal properties of the medium
are determined by a difference of forward voltages
from the heating sensor and the reference sensor,

wherein the forward voltages depend on a type of the
medium, and

wherein the heating sensor and the reference sensor are
configured relative to one another such that, when
extended into the medium, ambient temperatures of the
medium surrounding the device are excluded from a
measurement result associated with the forward volt-
ages or the difference of the forward voltages.

2. The device as claimed 1n claim 1, wherein the control
device 1s operable to ascertain the difference of the forward
voltages of the at least one first p-n junction and the at least
one second p-n junction between the medium heated by the
heating sensor and an unheated medium at the reference
SEeNsor.

3. The device as claimed 1n claim 1, wherein the heating
device 1s at least one resistor or a p-n junction.

4. The device as claimed 1n claim 1, wherein the first p-n
junction 1s a diode or a base-emitter path of a transistor.

5. The device as claimed 1n claim 1, wherein the at least
one first p-n junction and the at least one second p-n junction
are each connected to an input of a differential amplifier and
an output of the differential amplifier 1s connected to the
control device.

6. The device as claimed 1n claim 1, wherein the heating
sensor and the reference sensor each comprise multiple p-n
junctions connected in series and spaced apart from one
another.

7. The device as claimed 1n claim 1, wherein the at least
one first p-n junction and the at least one second p-n junction
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are connected to an electrical network via a DC-DC con-
verter, wherein the DC-DC converter comprises at least one
constant current source.

8. The device as claimed 1n claim 1, wherein the heating
sensor and the reference sensor are finger-like. 5
9. The device as claimed 1n claim 1, wherein the at least

one {irst p-n junction and the heating device are located on
a first leg of a component carrier and the at least one second
p-n junction 1s located on a second leg of the component
carrier, the component carrier having a U-shape. 10

10. The device as claimed 1n claim 3, wherein the first leg
and the second leg are located 1n a housing.

11. The device as claimed 1n claim 1, wherein the device
comprises a DC-DC converter 1n connection with a data
processing system as the control device. 15

12. The device as claimed 1n claim 1, wherein the device
1s a device for detecting a {ill level of the medium 1n a
container.

13. The device as claimed 1n claim 1, wherein the device
1s a device for detecting a flow of the medium. 20

14. The device as claimed in claim 1, wherein the device
1s a device for detecting a state of aggregation of the
medium.

15. The device as claimed in claim 1, wherein the device
1s a device for detecting a concentration of a substance as the 25
medium 1n a binary system.

16. The device as claimed 1n claim 1, wherein the device
1s a device for detecting an o1l level 1n a transmission.
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